Abstract: The authors propose a robust non-linear controller based on a block control linearization technique combined with a second order sliding modes super-twisting algorithm for controlling a rotor speed of single phase induction motors (SPIM). The controls objectives consist on the maximizing of the average torque operation and minimizing of the pulsating torque operation of the motor to achieve desirable performance. A nonlinear observer is designed to estimate the unmeasured variables (rotor flux linkages and torque load).
INTRODUCTION
Many domestic applications require low power motors operating essentially at a desired speed to control compressors, pumps, and other equipment that starts under load. Considering the potential for energy savings and broad application of the drivers in single-phase induction motors, the variable speed control is a topic of interest both economical and environmental.
The SPIM offers no starting torque, therefore a small auxiliary winding with a permanent split capacitor or a capacitor-start-capacitor-run is provided. Typically, the SPIM is provided with a centrifugal switch (SW) that operates when the motor speed reaches the threshold. As an alternative control scheme, a capacitor controlled by a control law to improve the functioning of the SPIM can be used instead of the centrifugal switch and starting capacitor. Using this scheme, the equivalent capacitance can be adjusted to achieve the maximum electromagnetic torque during start-up to get better performance in steady state. Different controllers, based on power electronics, have been proposed to improve the performance of the SPIM. The most prominent are Law et al. (1986) , Lettenmaier et al. (1991 ), Liu T. H. (1995 , and Muljadi et al. (1993) . Basically, these controllers are designed using a linear control technique ensuring local stability in a vicinity of the operation point.
A relatively simple technique, especially dealing with nonlinear plants, is the use of sliding mode (SM) control, Utkin V. I. (1992) and Utkin et al. (1999) . This method allows the decomposition of the design problem into two separate stages: first, proper selection of sliding manifold with the desired motion, and then, the design of discontinuous control such the sliding mode motion is forced along the desired manifold. During sliding mode, the effect of nonlinearities, uncertainties on parameters and external perturbations in the subspace of control can be rejected, providing the invariance of the system motion with respect to the system uncertainties.
In this paper we propose the control scheme which consists of two control loops and one nonlinear observer. The first control loop is designed in the main winding to control the speed and it is based on the block feedback linearization technique, Loukianov A. G. (1998) , combined with a continuous SM super-twisting algorithm, Fridman L. et al. (2002) , which can be applied directly to a PWM. The second loop is designed in the auxiliary winding, and a discontinuous SM algorithm is proposed to control the magnitude of flux.
The paper is organized as follows. In Section 2, the SPIM model is described and represented in a state variable space domain. In Section 3, first, a block feedback control technique is applied to design a desired sliding nonlinear manifold and a super-twisting control is used to ensure the designed manifold be attractive. Then, the auxiliary controller design based on first order SM algorithm is presented. In Section 4, a nonlinear observer is designed to estimate unmeasured variables: the rotor flux and load torque. Finally, in Section 5, simulation results are shown to support the designed controllers.
THE SPIM MODEL
The dynamic model of the unsymmetrical 2-phase induction Krause et al. (c2002) The SPIM, in αβ -axis, with the stator current and rotor flux as the state variables, is presented in Fig.1 . 
Also the control input is bounded by
where 0 v is a positive scalar.
SLIDING MODE CONTROL FOR SPEED AND FLUX
Provided that the full state vector and load torque are known, the objective here is to design a SM controller which can effectively track the desired ( ) ( ) 
with the controller gains matrix 
Then transformed first block (12) is represented as ( )
Taking the derivative time of (15) and using the second block (13) yields ( )
Now from (14) and (15) the following change of variables is obtained:
Then, the system (12) in new coordinates 1 z and 2 z is represented in compact form as Moreno, et al. (2008) .
Remark:
The proposed control algorithm ensures the robustness of the closed-loop system, alleviating the chattering effect and providing a continuous control signal suitable for deployment in a conventional PWM system.
Auxiliary control design
In SM motion on the manifold 21 0 z = , the equivalent value 
We assume that the perturbation ( ) g z satisfies in Ω the standard bound
To design the auxiliary control ρ we apply the following 
The time derivative of (30) along the trajectories of (27) or (28) These estimates, as well the load torque estimate ˆL T , are used then in the control algorithm (15) and (14) instead of the real variables.
SIMULATION RESULTS
In order to analyze the performance of the designed controller and the closed-loop system response, simulations in Matlab/Simulink have been designed. Parameters and data of the SPIM are as follows, Krause et al. (c2002) :
The The disturbances are presented as 1) At the first second, a change of reference speed -in step form -from 100 rad/sec to 140 rad/sec is presented.
2) At 1.5 seconds, a change of load torque from 0.5 Nw-m to 1 Nw-m during one second is applied. The rotor velocity tracking response shows a good performance under the change of the reference speed at t = 1 s, fig 2. It's response asymptotically stable in 0.18 sec and present a small perturbation because the electromagnetic torque. Then Fig. 3 presents the module to the square of rotor flux module ϕ response; the module is maintained over the given reference. Meanwhile, the load torque tracking response with good performance in presence of an external disturbance is presented in Fig. 4 . The electromagnetic torque response, shown in Fig. 5 , presents a maximum value for the start and during the reference speed change. On the other hand, the stator currents (see Fig. 6 ) are in appropriate range during the start and reference speed change that corresponds to the designed control algorithm. In Fig. 7 , the rotor flux estimate response and the flux reference value of 0.4 wb, are shown. Finally, in Fig. 8 
